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(54) Multiplication circuit using col- 
umn compression 

(57) A high speed parallel operation, 
multiplication circuit has multiplier mul- 
tiplexor components 101-104, column 
compressor componentsl 11-118, and 
arithmetic units 120-123 which perform 
addition operations to provide a resul- 
tant product. The multiplier multiplexor 
components 101-104 may be im- 
plemented using a modified Booth's 
algorithm and generate, in parallel, an 
array of partial products in a single 
operation time, and the column com- 
pressor components 111-118 operate to 
process every column within a single 
operation time whereby every input 
creates an output in essentially the 
same propagation time, i.e., true para- 
llel operation requiring preferably no 
more than an average column propaga- 
tion delay time. 



MUUIPLICANO 106 



MULTIPLIER 108 




rprn 

*fe P W p i» p rt p u 



A3 A2 
Si 



L * iol T*> * i *\T *> *2 "i^^ 1 



PRODUCT HO 

r/a . 1 



n 

p t * p o 



Certain of the mathematical formulae 
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SPECIFICATION 

Multiplication scheme using column compressors 



20 



25 



for an arithmetic device for performing high speed ^^P 1 ^'^ tjng devices is D f prime consideration. 

The speed atwhich calculations may be performed I in many =° m P tj « c purpos es, typically requiring a 
This nee P d is amp.ified when the ^2^^XSS^dlU.'!n order to reduce the time 
large number of iterations to be V?* 0 ™**"™?*'™ " arit hmetic devices, such as adders and 

same time. arithmetic devices is more complicated than addition, the speed 

one partial product for each bit of the mult ^pl.e , thereoy 9 ^ tfme consurnmg 

multiplier. These shift opera* ons w ™ ~™ 8 ^ tadtwual shift operations. Improvements to this 
involving a delay time which was ^^f.^T^^ or ones. However, such improvements have 
20 multiplication scheme have involved skipping ^ st ^ t inventi on. 

not yielded a multiplier having the «P«S n ^"^* e 0 ~SJ in to earlier computing devices. These schemes 

Other multiplication schemes have also ^^^^X multiplier logic need only perform two 
have wherein the two operands ™^W"^£Ze binary multiplication wherein a continuous 
squaring functions followed by a subtree on J" d P**™ wne 7 e multiplication was performed on each 
25 stream of operands was fed nto a ^^'J^^^^^oaB stream of products resulted. Neither 
pair of operands on successive operational cycles si o tl ™* . d requ ired of the subject invention, 

of these schemes, however provided . mutap e rjjh • P^iqu 9 ," Quart. J. Mich., Appl. Math. Vol 4. Part 
A.D. Booth published "A Signed B ^ R XS which has enabled the construction of much 

2, 1951 , which has become known as .B^.^g^l'Tritntn provides for a uniform shift method wh.ch 
30 mu ,ti P .iers than previously available ^^^SmmA^ the correct multiple of the 
examines two or more bits of the ^''fj^^^^g^gth^jd requires no sign correction for a ^' 0 'f 
multiplicand to be ^""^"X^towtoX^W be 9 un f rom elthet A ™ 

Another technique which has been ut t^**™^™^ partial product, carry look-ahead 
,ook-ahead structure is employed .. ''^""^JS'Sa products which must be reduced to prov.de the 

complete product. ar : eaneven faster multiplication circuit than currently available from the prior 

What is desired now, however is an even taster mui m 

multiplication. c to nrovide such a circuit having true parallel operation of the column 

A second objective of this mven .on « £ PJ^'jJJ J, tne column compressor takes the same 
50 compression multiplication structure wherein every mpu 

propagation delay to get to the output. circu it wherein the complete multiplication product 

55 monolithic, large scale, integrated circuitry. 

Summary of the Invention flrhieved in a high speed, parallel operation, multiplication circuit 

The objectives of this invention are achieved m a n>9 medium scale , integ rated circuitry 

which may be implemented in ™r«ntmod. ^ m ™™ o1 ^ artial produc ts formed from multiples of the 
60 A multiplier multiplexor may '^^^^ J dependent on the number of binary ones in the 
multiplicand wherein the number of ows in th ^^J^- includ ing. preferably, the expression of 

oTeSatt^ 

65 Tco-umncompressormay operate upon thearray of partial productstocompressthe initial array into 
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successively smaller arrays, reducing the number of rows until only two rows remain. Compression may be 
achieved for each column, and concurrently with the other columns. 
A carry-look ahead adder may operate upon the remaining two rows to provide the complete product. 

Description of the Drawings 

The advantages, principles of operation and special features of this invention may be readily understood 
from a reading of the following detailed description of the invention in conjunction with the accompanying 
drawings in which like numerals refer to like elements and in which: 

Figure 7 is a circuit diagram of an 8 bit x 8 bit multiplication circuit embodying the invention. 

Figure 2 presents a circuit diagram of a single multiplication multiplexor shown in broken representation 
as to duplication of identical elements, a plurality of which multiplication multiplexors are found in the circuit 
of Figure 1. 

Figures 3, 3A and 3B comprise a circuit diagram of a single column compressor, a plurality of which 
column compressors are found in the circuit of Figure 1 . 

Detailed Description of the Invention 

A high-speed binary multiplication circuit is implemented in median scale integration current mode logic. 
An unsigned integer multiplication circuit, Figure 1, for handling an eight bit multiplier 108 and an eight bit 
binary multiplicand 106 is implemented on two I.C. chips. The multiplication scheme of this invention 
operates to obtain a final product 1 1 0 in essentially two operations. In the first operation, a set of addends is 
obtained, being the partial products of the eight bit multiplier 108 and the eight bit multiplicand 106. In the 
second operation the set of addends is reduced to a sum equaling the final product 110. Product 1 10 is a 
sixteen bit binary number. _ 

The numerical partial product set (matrix array) is generated in a partial product array comprising four 
identical multiplier multiplexor components 101, 102, 103, 104 of a type available from Burroughs 
Corporation, part number ECML-2M31. Figure 1 shows the partial product array operating upon eight bit 
multiplicand 106 represented by X 0 through X 7 , wherein X 0 is the least significant bit; and an eight bit 
multiplier 1 08 represented by Y 0 through Y 7 , wherein Y 0 is the least significant bit. 

Each of the multiplier multiplexors 101, 102, 103, 104 generates two-times, one-times, or zero-times the 
multiplicand 106, in true or complemented form corresponding to the value of the particular three bits of 
multiplier 108 or its inputs "Y-1," "Y0" and "Y1" inputs. The additional input "P" controls the 
complementation of the multiplicand 106 so that each multiplier multiplexor (MM) 101, 102, 103 and 104 may 
work in either the positive (where "P" input = 0) or negative <"P" = 1 ) logic. The Truth Table I below defines 

the output (as labeled P 0 , Pi P 8 ) from each of the multiplier multiplexors 101, 102, 103 and 104 for or given 

input signals on its "Y- 1 Y0" and "Y1 " input terminals. 
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1 
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1 
1 
0 
0 
0 
0 



"Y0" 
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1 
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1 
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0 





TABLE I 
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WHERE: 

Pi = (P g)Xi)(YlY 0Y-1 + YI YOY^T) + (Pi©X M ) Y1Y0 Y-1 
+ (POX^JYIYOY^T + *(P©X? (Y1Y5Y1 + Y1Y0Y-1) 
+ Y1Y0Y-1 

P 8 = (P©X 7 ) (Y1Y0Y-1 + YIYOY^T + Y1Y0Y-1) + (P©X 7 ) 
(Y1Y0Y=1 + YT75Y-1 + Y1Y0Y-1) + Y1Y0Y-1 
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and where 0<i<7. 

Looking to the partial product array (MM 101-104) interconnection, Figure 1, each multiplier multiplexor 
101, 102, 103, 104 is connected for operating in parallel and has its "X<," input terminal connected in common 
to the Xo bit of the multiplicand 106; its "Xi" input terminal connected in common to the X A bit of the 
multiplicand 106; its "X 2 " input terminal connected in common to the X 2 bit of the multiplicand 106; its "X 3 " 
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of the multiplier. ^ trt „ r „„ n d its "Y-1" input connected to the Y, bit of the multiplier 

MM 102 has its «'X-1" '"P* connect ed to ground « J 1 mp , tQ ^ ^ ^ Qf 

106, its "Y0" input connected to the Y 2 bit oTtnemumpiiei iu«a 10 

10 the multiplier 108. rtroMnH it<;"Y-1" input connected to the Y 3 bit of the multiplier 

MM 103 has its "X-1 " input co " n ® ^ t^lmultiDlier 1 08 and its "Y1" input connected to the Ys bit of 
108, its "Y0" input connected to the Y 4 bit of the multiplier i ua ana us m 

the multiplier 108. nrnlinri _ nd its »Y-1" input connected to the Y 5 bit of the 

column compressor components 111. 112, lid. 1 • • column compressors (CO 

"Soo" "S20." "DS," "DC," "LS," and "EC." connected to the P 0 output 

CC111 has its "Co" input connected to Y,bt of m "7' ^ tof MM 101 . CC111 has its "S 2B " input 25 

25 of MM 101, while its "D," input ,s connected to the Pi output 01 « 1 2 cc n 12 in turn has its 

connected to ground, and its "S 2D " outpu connected to the S» ^npu d to tne ..^ input of 

"S 2D " output connected to the "S 2B " input of CC 1 1 3. CC 11 i b» , P ofCC1 i 5# CC115 has its "S 2D " 
CC1 1* Likewise CC 1 14 has its <<S 2D " outpu connected to he S a 'Jjj^n^ tQ the ^ input of C C 
output connected to the "S 2B " input of CC 1 1 J CC 1 IB has • & P 30 

30 117, and CC 117 has its"S 2 B" output conn ®ct e ^*°^^ (i ^^ ^ o ^^^y. i^g^gg^pg "Soc" output of CC 117 is 

35 "Soc" output of CC 1 1 2 is connected to the S 0E '^"A" )^ ' . ier 108 while "C," input is connected to the P 0 
35 The -C» input of CC 1 1 2 is connected to the Y, b.t of mutap {"J V. in P ut is connec ted to the P, 

output of MM 102, the "C 3 " input is connected tc- the P > ° utDU "V f ^ M 1Q1 , 

output of MM 1 02. and the "D 3 " input ^nj^J^^^£3J, 6 the "C 0 " input is connected to 
The "C 6 '« input of CC 113 ^l^^^^ZTs^^tput of MM 1 02. the "C 2 " input is connected 
40 the P 0 output of MM 1 03, the "C ; " .nput to the ^output of MM 103, the "D 3 " input is 

to the P 4 output of MM 1 01 . the "D, ^ZT^dTC^ is connected to the P s output of MM 101 . 
connected to the P 3 output of MM 102, and the D « '"?J£!! . C ° is tied to the Po output of MM 104. the "C," 

output of MM 101. mm 104 while the "C/' input is connected to the P 4 

Tne "Co" input of CC 1 1 5 is tied to the p *^^^^!S^\tm "C 3 » input is connected to the 
output of MM 103, the "C£ input connected to the P« output ot ^ ^ ^ ^ to 5Q 

MM 103, the "C 3 " input is tied to the P 8 , o«ptf MM 102. he C, P Qf MM m ^ ^ 

55 the "Do" input Is tied to the P 6 output of MM 104. the D 2 mpuii 

input is tied to the P B output of MM 101. whi | e the "C," input is tied to the P 8 output of 

The "Co" input of CC 1 17 is tied to the p « "^^^^^nput is connected to the Ps output of MM 
MM 103, the «C 2 " input is tied ^^ST^^^MO^"^ ■■ connected to the P 8 output* 
101. the "D 0 " input is connected to thel P, , ° ut P* °? MM f JJJ ^ a ^ d ^ »o 3 " input is connected to the P 8 
60 MM 103, the "D 2 " input is connected to the P 8 output or ivhvi km, 

output of MM 101. , outnut of MM 104, while the "Co" input is connected to the 

P 8 output of MM 101. 1 18 are connected to four identical arithmetic logic units 

65 Theoutputfromthecolumncompressors111-118areconnec ie 
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120 121 122 and 123 connected to operate in parallel. Each of the arithmetic logic units (ALU) 120-123 
Derformsasimpleadditionoperation.TheALU's120-123arecommonlyavailableandhereinatype 

manufactured by Burroughs Corporation as identified by part number BCML-2M03. Each have inputs labeled 
"A " "Bo " "Ai " "Bt " "A 2 ," "B 2 ," and "Ci," while having outputs labeled "S 0 ," "Si," ' S 2 , S 3 , ana t, 0 . 

5 The outputs of the ALU's 1 20-1 23 connected in parallel define the bits of the 16-bit product 1 10 which is the 5 
final product out of the multiplier. 

ALU 120 is shown in Figure 1 as being connected as a carry ripple adder. This was done for simplicity of 
representation. However, in the principal embodiment ALU 120 is connected as a carry-look-ahead adder 
with special carry look generator. ALU 120, Figure 1 , has its "C r " input connected to ground ite Bo input 

,n connected to the "S oc " output of CC 111, its "B," input connected to the "DS outputof CC 111.its A 2 10 

"A3" input connected to the "EC" output of CC 1 1 1 , and "B 3 " input connected to the DS output of CC 1 1 2. 

The "Co" output of ALU 120 is connected to the "C," input of ALU 121, as isthe "Co" output of ALU 121 
connected to the "C," input of ALU 122, and the "Co" output of ALU 122 connected to the C inputof ALU 

15 12 The"A 0 " inputof ALU 121 is connected to the "DC" output of CC 112, while the "B 0 " input is connected to 
the "ES" output of CC 1 12, the "A," input is connected to the "EC" output of CC 1 1 2, the "B," input as # 
connected to the "DS" output of CC 1 13. the "A 2 " input is connected to the DC output of CC 1 13.* e B 2 
input is connected to the "ES" output of CC 1 1 3, the "A 3 " input is connected to the EC output of CC 1 13, 
and the "B," input is connected to the "DS" output of CC 11 4. 20 

2 The "A 0 " input of ALU 1 22 is connected to the "DC" output of CC 1 14, while the "B 0 " input is connected to 
the "ES" output of CC 1 14, the "A," input is connectedto the "EC" output of CC 1 14, the "B," input is 
connected to the "DS" output of CC 11 5, the " A 2 " input is connected to the "DC" output of CC 1 1 5, the B 2 
™is^nne^ 

and the "B 3 " input is connected to the "DS" output of CC 1 16. ,„ „. . tJ 25 

25 As for ALU 1 23, its "A 0 " input is connected to the "DC" output of CC 116, while its "B 0 " input is connected 
to the "ES" output of CC 116, the "A," input is connected to 

connected toihe "DS" output of CC 1 17, the "A 2 " input is connected to the "DC" output of CC 1 17. "B 2 " input 

"connected to the "ES" output of CC 1 17, "A 3 " input is connected to the "EC" output of CC 117, and the 

"B " input is tied to the "DS" outputof CC 118. 30 

30 The final product 1 1 0 contains sixteen bits labeled P 0 through P 1S wherein the "So" output of ALU T20 is P 0 
bit of the product 110. The "S," output of ALU 120 is the P, bit of the product 110. The "S 2 output and S 3 
outputof ALU 120 are the P 2 and P 3 bits of the product 110, respectively. The So. S V .ff; a , nd . 
outputs of ALU 121 are the P 4 ,P S ,P6. and P 7 bits of the product 1 10, res P ect.vely. The So. S„ S 2 . _ md 

, c "S a " outputs of ALU 122 are the P 8 , P 9 , P10 and P,, bits of the product 1 10, respectively. The So. S„ 5 2 . 35 
land "S 3 " outputs of ALU 123 are the P 12 , P 13 , P, 4 . and P 1S respectively, bits of the product 110. 

As stated above, the multiplier multiplexor section implements Booth's Algonth. This algorithm is based 
on a property of a binary number to be represented as a difference of two numbers of special form. Assume 
that multiplier 108 is given in the form: 



40 n-l 
Y 



^ ' v 2 1 = Y Y ....Y.Y- Then Y can toe represented 
L _l 



^=0 n-1 n-1 



45 as the difference Y = U- Vf V = / u.2 1 , V = y> ▼ ^ 



40 



45 



50 



50 where u, =|yi - Yi-ijif Vi - Y'-1 <0 ' and 
0 otherwise; and v, =| Yi - Yi-i|>f Yi - Yi-i 0 

and 0 otherwise. . Y s 100 0000000 - 0000000100. Thus a string of 

e ^mnio if 01 11111 100. then Y can also be stated as. t iuuuuuw 55 

The multiplicnd X In the example •^^^J5^^5^° E « M1 KllnatliaB««h^ilgoi1»ni» 



1 



GB 2 016 181 A 



Yi_i 
5 0 
1 
0 
1 



TABLE II 



10 



0 

15 1 
0 





Yj+1 


OPERATION 




0 


0 


Add zero to partial product 


5 


0 


0 


Add multiplicand to partial product 




1 


0 


Add multiplicand to partial product 


10 


1 


0 


Add 2 times multiplicand to partial product 




0 


1 


Subtract 2 times multiplicand from partial product 




0 


1 


Subtract multiplicand from partial product 


15 


1 


1 


Subtract multiplicand from partial product 




1 


1 


Subtract zero from partial- product 


20 



30 



35 



40 



20 

. •„ ,. 1 ,t,Hi II above are made possible with the implementation of the hard 
Thus, the operations descnbed in Table » ^ove arem a P described above, 

wiring inter-connection between the components MM Tin. to*. fls |e unjt |n Figure 

W Mumo.ier multiplexor's ^'^^^^^^ZT^.'' ^ V " Y0 * and a 25 
25 2. Figure 2 shows MM 101 to have inputs X„ ^™"f " „ 7 ' s described above. The eight outputs are 
25 "Y1/'aswella S the'T'Mn P utfordeterm.n.ngcom^ 

labeled P 0 through P.. This multiplier mult.p«e«r c,r«rt101 conta n jn P terconnections with a brea k away 
the plurality of inputs in paral.e and JjJjJ processing of input bits "X 2 " through "X 5 " and 

portion of that part of the circuitry d.rec tly . ^""J^; 0 "^ « x _ v - and "X 0 " through "X 7 " is an inverter 30 
the output bits P 2 through P s . Connected t° each of the inputs a ^ non-inverted output As 

driver having an inverted input and an inverted output as iwe. a ^ ^ the jnverted jnput of drlver 20 1 , 

to the portion of the circuitry shown in Figure 2, input a 1 Q2 and the input » Xl " is 

while the "Xo" input is connected to connected to the inverted input of a fourth 

connected to the inverted input of a third ' d "^ n ^ ed ^ nput ^ fafifth driver 205. u k 

driver 204, and input "X 7 " is ^"^/^^ remaining inputs of the circuit 101 whereby 

NA^^^ 

gates 214. 215 are connected to the , drive, MNtfO ^ through ^ 

NAND gates 21 8. 219 are connected to the driver _205. Each orw i » drjvers 2Q1 2Q2 m 

inverted and a non-inverted <^P ,em ^^^^^ NAND gates 211. 213. 45 

204 and 205 are each connected to an inverted input oi mnrr h 205 afe each 

45 2?5. 217 and 219, respectively. The non-inverted •^^^fiZTlRnd 218 respectively. The 
connected to an inverted input of their «J^J^^S£ input of each of the gates 210, 212. 214, 
inverted output from the driver 206 is connected to a £f conn ected to a second inverted input of the 

21 6, and 21 8, while the non-inverted output from the drivers 50 

50 gates 21 1,2 13, 21 5, 21 7 and 21 9. 226 , and 227 are connected in parallel to the 

50 Seven inverted input NAND gates 22 }£^J%£*^ of driver 207 is connected to a first inverted 
output of the drivers 207, 208, and 209. The "^^^ driver 207 is connected to a first inverted 
inpu to the gates 221 , 222, and ^^JT^^^^SLm the driver 208 is connected to a 
input to the gates 224. 225, 226 and I227 The no ^'" ve ?^ 9 t J e J, verted output from the driver 208 is 5J 

55 second inverted input to the gates 22 . 224ar* KB. w* 22? Jhe non . inve rting output from the 

connected to a second inverting input on the gates i zzz. inverting output from 

Sriver 209 is connected to a third invert.ng input on the gates ,222, 224 a ^ 
the driver 209 is connected to a third i™* n * , P^™¥£S^^D gales 221 through 227 are a 
^Connected to the ^^^^^^^S^!!! groupsof five gates having their 6. 

«n plurality of three inverted input NAND gates conn ec tea i p througn 2 55. 

60 Outputs connected in common, these ^^J« to a first inverted input to the 



?' eaw, ^"TJ!: o" "tT,: „« n .in ue rtina output from the gate zi i is con.u*— « 65 

65 
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the gate 232, while the non-inverting output from the gate 21 2 is connected to a first inverting input to the 
gate 234 and a first inverting input of the gate 237. The non-inverting output from the gate 213 is connected 
to a first inverting input of the gate 234 and a first inverting input of the gate 237. 

The inverting output from the gates 21 4 and 21 5 are connected in common and to a first inverting input of 
5 the gate 238 as well as to an additional gate out of Figure 2. The non-inverting output from the gate 214 is 5 
connected to a first inverting input of the gate 239 as well as to an additional gate out of the figure. The 
non-inverting output from the gate 215 is connected to a second inverting input of the gate 239 as well as to 
an additional gate out of the figure. 

The inverting output from the gates 216 and 217 are connected in common to a first inverting input of the 
1 o gate 243 as well as a first inverting input of the gate 246. The non-inverting output from the gate 21 6 is 10 
connected to a first inverting input of the gate 244 and a first inverting input of the gate 247. The 
non-inverting output from the gate 217 is connected to a second inverting input of the gate 244 and a second 
inverting input of the gate 247. 

Gates 218 and 219 have their inverting inputs tied in together and to a first inverting input of the gate 248 
15 and a first inverting input of each of the gates 251 and 253. The non-inverting output from the gate 21 8 is 15 
connected to a first inverting input of the gate 249 and a first inverting input of each of the gates 252 and 254. 
The non-inverting output from the gate 219 is connected to a first inverting input of the gate 249 as well as a 
second inverting input of each of the gates 249 and 252 and a second inverting input of the gates 254. 

The inverting output from the gate 221 is connected to a third inverting input of the gate 232, as weH as to 
20 each of a third inverting input of the gate 237, an inverting input of the gate 242, an inverting input of the gate 20 
247, and an inverting input of the gate 252, as well as, an inverting input of corresponding gates out of the 
figure. 

The inverting output from the gates 222 and 224 is connected together and to a second inverting input of 
each of the gates 233, 238, 243, 248, as well as gate 253 and corresponding gates out of the figure. 

25 The inverting output from the gates 223 and 225 are connected in common to a third inverting input of 25 
each of the gates 234, 237, 244, 249 and 254, as well as corresponding gates out of figure. The inverting 
output from the gate 226 is connected to a second inverting input of each of the gates 231, 236, 241, 246 and 
251, as well as corresponding gates out of the figure. The inverting output from the gate 227 is tied to an 
inverting input of each of the gates 235, 240, 245, 250 and 255, as well as corresponding gates out of the 

30 figure. 30 
The gates 231 , 232, 233, 234, and 235 have their inverting outputs connected in common and to an 
inverting input of a driver 261. The inverting output from each of the gates 236, 237, 238, 239 and 240 are 
connected in common to an inverting input of a driver 262. The inverting output from each of the gates 241, 
242, 243, 244 and 245 are connected in common to an inverting input of a driver 263; while the inverting 

35 output from each of the gates 246, 247, 248, 249 and 250 are connected in common and to an inverting input 35 
of a driver 264; and the inverting outputs from each of the gates 251, 252, 253, 254, and 255 are tied together 
and to an inverting input of a driver 265. The drivers 261, 262, 263, 264, and 265 each have inverting outputs 
and have corresponding counter parts for the circuitry out of the figure. The inverting output from the driver 
261 forms the most significant bit p 0 out of the multiplier multiplexor circuit; while the inverting output from 

40 the driver 262 is the output bit p 2 ; the inverting output from the driver 263 forms the output bit p 6 ; the 40 
inverting output from the driver 264 forms the output bit p 7 ; and the inverting output from the driver 265 
forms the output bit p 8 . Output bits p 2 , P3, p 4 , and p s they are accounted for from similar circuitry out of the 
figure. 

The column compressors 1 1 1 through 1 18 of Figure 1 are each identically constructed as shown in detail in 
45 Figures 3A, and 3B. CC 1 1 1 through 118 operate in parallel to perform a manipulation similar to the following 45 
explanation which includes an illustration in Table III. 

The avoidance of excessive carry-propagation time is implemented by column compression where carries 
are not allowed to propagate until the very last moment. Assuming that the sum of 6 numbers is to be 
calculated. This partial product array may, as an illustration, be represented by the array in Section "a" of the 

50 Table III. 50 
Multiple addition as implemented by column compression is achieved by summing independently along 
each column, i.e. counting the number of 1's in column. Since each column's sum is up to 7, the binary result 
is contained in three bits as shown in Section "b" of the Table III. As an example, the third least significant 
bit's column contains six 1's. These Vs are added up and expressed in binary form, on a diagonal line 

55 beginning from the bottom upwardly to the right, ending directly under the third most significant column of 55 
Section "a." Here a binary "1 1 0" is written equaling 6. Similarly the number of ones in each of the other 
columns is added and written binarily on a diagonal. A second reduced "array" is written in Section "b" of 
the Table III as a three-row array. 
This operation is performed again and again until the array is reduced to only two rows which can be 

60 operated upon by a simple adder component. With the illustration of Table III the very next reduction 60 
produces a two-row array, Section "c." A simple addition provides the output. Section "d." 
(11 2+143+60+ 1 98+255+ 1 00+30=898) 
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TABLE 111 



2 1 2° 



5 

"a" 



10 0 .0 0 1 1 1 1 



• 1 1 1 ? ? ? ? -S3 
I ; is"' 

' ? ! i ? sa 



15 



, o o o o o o 0 
10 000101 • 1g 



b " o 1 i-i.i 1 1 o 



0 0 0 1 1 1 0 0 J 

0110001000 



20 "d" 0 



(898) 20 



25 



35 



Acircuitdiagramshowingt.edetai.edc.c^ 

115 1 16, 1 17, and 1 18 is shown in Figures 3A and 3B « represeme y comprise a port.on 

25 comp reason CC 1 1 1 . A plurality of inverting °^. ut Vr^^?2 <«D 2 ." "D 3 ," "D 4 ," "D 5 ," "D 6 ," 
o?re C^11 and are connected, one each 

„ r „„ r " "Co " "Ca/'"C4/ C 5r "and C 6 oftheuu m » cm \ Column compressor 111 input D 5 

•^ertintout^ 30 

is connected to the input of the driver 301 , *h I J_ Jf °« * „ conhe cted to the input of driver 304; i he 3° 

30 the "D 3 " input is tied to the input of driver 303, the D, input fo ^ jnput of drive r306; the 

V input is connected to the inpu o drive 305, he Do ( mpu ^ ^ ^ „ . 

»D " input is connected to the input of dn*£ 307 the ^ np ^ ^ ^ ^ , g d to 

38 Sn^^ 

The inverting output of driver 301 1 is ."JJ^^Urting output from the driver 301 is connected to 

40 i TeS& 

322 as well as the gates 324 and 326. The non '" ve "j * . f the gates 32 3 and 325. 
fnvertmg input of another gate 320 and an inverting "^.^ ° n ^ ut 9 of the gate 320 and an inverting 
The inverted outputfrom driver 303 is connected to an JJJJJ^ and 326 . Tne non-inverted output 

50 same type, and the gates 320 throug J 32 ^ idenSca. respective interconnections 

Referring to Figure 3B, the drivers 301, 302. and 303 and the gates 320 

to additional gates 340, 341 , 342, 343 344 ^ ™* and 313 are identically interconnected to 

♦h ouah 326 described above. Likewise, the drivers Ji'.- 51 * 01 

additional gates 350, 351 , 352, 353 354 355 and 356 ^ ^ gnd 350 through 388. a 55 

55 Aswiththeinitialbankofgates320thr^ 

second bank of like gates is util.zed to perfbrm « .second I step o p 3?3 374 and 375 .The non-inverted 
Si gates 360, 361, 362. 363, 364, 365, 366, 367 36 8, 369. while tne inverted outputfrom 
outP* from the gate 320 is 

the gate 320 is connected in common ^S^^SSS^ an inverting input to the gate 362 The 60 
60 fromthe gate 322 as well as^ 

non-inverted output from the gate 321 is connecie the te 361 . 

output from the gate 322 is connected uo , ■ ■JJJ^ItavSlno Input thereof connected in common and to 
The gates 360 and 361 also each have an ^ 

65 th THdTes3 0 2t^ 
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input of each of the gates 364, 365 and 367. While, the non-mverted output from the ! gate 1 322 ^'"°"" ect «^ 0 
an inverting input of each of the gates 363 and 366. The non-inverted output from the gate 324 s connected 
to anotheHnverting input of the gate 363 and another inverting input to the gate 366. The non-inverted 
output from the ga?e 325 is connected to another input to the gate 363 as well as another mverting input to 
5 the gate 366. The non-inverted output from the gate 326 is connected to another inverting input of the gate 
363 and another inverting inputto the gate 366. .^^...-mh. 

The gates 333, 334, 335 and 336 each have the inverted output connected m common and connected to 
another inverting inputto the gates 363 and 366, and to another inverting input of the gate 364. The 
^SSZSSiS^Jlfom the iates 333, 334, 335 and 336 are each connected to a different inverted input of ^ 

10 *£nW307 has its inverted output connected to an inverting input on each of the gates 363, and 365 as well 
as to an inverting input on another gate 380. The non-inverted output of the driver 307 is connected to 
another inverting input of the gate 364 as well as an inverting input to another gate > 381 . 
Gate 380 has another of its inverting inputs connected to the non-inverted output from the gate 366 anc la 

1 5 thWnverting input connected to the non-inverted output from the gate 367. A second mvertmg mput of the 15 
gate 38lls connected to the inverted output from both gates 366 and 367 which have been connected 

t09 FSure r '3B shows an identical circuit interconnection forthe gates 340, 341, 342, 343, 344 345. 346 350 351 
352 353 354 355, and 356 and the gates 368, 369, 370, 371 , 372, 373. 374, and 375, respectively as desenbed 

20 fbove m^onnection with the gates 320 through 326, 330 through 336 and 360 throu^ » 
382 and 383 shown in Figure 3B correspond to the gates 380 and 381 . Figure 3A, described above. 
IpecSicalt the gate 382 9 has a first inverting input connected to the non-inverted output of the gate 374, a 
feindTnverthng Mnput connected to the non-inverted output of the gate 375 and a third inverting input 
connected to he inverted output of the driver 314 which is also connected to an inverting mpu of bo h the 

25 Tate l?3 and tS gate 371 . Gate 383 has an inverting input connected to the inverted output of the gate 374 25 
an ^the inverted output of the gate 375. A second inverting input of the gate 383 '^onnectedto the 
non-inverted output of the driver 314 which is also connected to ah inverting W"^***™-^ 386 
The aates 380 381 , 382. and 383 continue the compression process and are joined by gates 384. 385, 386. 
38^88?nd 389 and drivers 390 and 391. The gate 380 has an inverting input ^"f^^f^^^ 3 0 

30 output of the gate 360 and a second inverting input connected to the averted output of the gate 361 .the 30 
SIS outpu? of the gate 362. as well as, an inverting input of the gate 386 Gate 

moT connected to an inverting input of the gate 385 and the inverted output of the gates 363. 364 and 365 
in common. The gate 385 has a second inverting input connected to the nonHnve rt ed 

output of the gate 361 . while a third inverting input is coated <o^ 35 
35 Gate 386 has an inverting input connected to the inverted output of the gates 361 and 363 which are 

connecteStn common. Another inverting input of the gate 386 is connected to ^"'ZTJ^l lS 
gate f 63 while a third inverting input to the gate 386 is connected ^ the non-mverted output of the gate 364. 
A fourth inverting input of the gate 386 is connected to the non-inverted output of the gate 365. 
Z Z Jer ?9l and P the gates387, 388 and 389 are connected in an identical respective ^jg^^L 40 

40 theoutputs from gates 368 through 363 as described above with respect to he driver 390 and the gates 384, 
-w; a nd3B6reaardina interconnection with the outputs from the gates 360 through 365. 
^XJSSSSSS^L driver 390 and an inverted output from the gate 384 ^are 
to orovide the "S»" output for the CC 1 1 1 circuit. The inverted output from the gate 382 and the inverted 
ouSut from , the gate 383 are connected in common to become the output "S oc " forthe CC 1 1 1 circuit 

45 SumnTomD?esLr111 input "S 06 " is connected to an inverting input of another gate 398 connected n 45 
ooSn^Tl^SS^ outputfrom the driver 390 is connected to a second invert ng input of the gate 
393^aTan mvertrngTnput of another gate 396. The inverted output from the driver 391 -s connected in 
„ m a m n The m "erted output of the gate 337. and to an inverting input of another gate 392, another 
S^ln^ti^^ »Kr3.n inverted input to the gate 397. The non-inverted output from the gate 

50 3 8 V?s co3cted | te fan inverting inputto the gate 393 and another inverting input ofthe gate 396. 

^ST^^^rlJwut connected to another inverting input of the gate 394 and an inverting 
iJSTJSS^ 397. Gate 386 has its non-inverted output connected ^^^^ 
gate 394 and another inverting input ofthe gate 397. The inverted output of the ^85 and 386 are 
connected in common and to an inverting input of another gate 392. another inverting input of the gate 393 

invertmg mSu of another gate 406. Gate 380 and gate 381 have their inverted ^^StS!^ 

and to an inverting input of another gate 402 as well as an inverting input of another gate 404 and an 

Averting in^ano?her gate 407. fhe non-inverted outputfrom the gate 380 is tied to another mvertmg ^ 

60 '"SEE. 388^ 3 ^vfth« common in addition to being connected to 

a „S SSSC^K^^ng input ofthe gate 403 and 

„atTInfi Gate 388 has its non-inverted output connected to another inverting input of the gate 404 and 
l^n^S^SgSTS. Gate 389 has its non-inverting output connected to another inverted ^ 

65 input of the gate 404 and another inverting input ofthe gate 407. 



50 



55 
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Column compressor 1 1 1 has its <<S 2B " input connected to another inverting input of the gate 403 and 
another inverting input of the gate 404 as well as an inverting input of another gate 408. 
another inverting n P" l ou " B » . 3g3 d tne gate 394 is connected in common to an 

driver 405. Driver 405 has its inverted output as the "D c " °^l m ^^^-J^^^^Mra 
their non-inverted outputs connected to separate inverting , inputs of <i gate 39* ^^^itS* 
invertinginputconnectedtoaninvertedou^ 

20 multiplication multiplexor includes implemenut,on |Of •^^^^^,„ MO J^ Mtl n 

illustrative and shall not be taken in the limiting sense. 



20 



25 



30 



40 



45 



CLAIMS 30 
array, through parallel •P»^=!'™;« J? '^S^^^Tm.".. *» compressing .aid array 

^SSreuit of Claim 2 wherein said compressing meana includes a column comprassor connected to 
theou^oSdmuitlplicatlonmuitip^ 
4. ThedrcuitofClaim1where,nsa,do^^^^ 

stm^'SS^ 

Tt e eSo,C,.,m r .reinsa,dco 7 ^ 50 
50 compressors connected to the outputs ^^^^^^ngtociwBlnBtliM. 

T^cir^o^ 

^ B °le%"'ut'of ciaim 6 wherein said pluraiity of column compressors each performs a parallel ^ 
plurality of column compressors is eight. s jnc|udes four ari thmetic logic units 
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illustrated in, the accompanying diagrammatic drawings. 

13. Any features of novelty, taken singly or in combination, of the binary multiplication circuit as 
hereinbefore described with reference to the accompanying diagrammatic drawings. 
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